Summary There is strong evidence that breast cancer risk is influenced by environmental factors, and animal experiments and human ecological data suggest that increased dietary fat intake increases the incidence of the disease. Epidemiological evidence on the relationship of dietary fat to breast cancer from cohort and case control studies has however been inconsistent. To examine the available evidence we have carried out a meta-anaylsis to summarise quantitatively the large published literature on dietary fat in the aetiology of breast cancer. After assembling all of the published case control and cohort studies, we extracted the relative risk in each study that compared the highest to the lowest level of intake. We then calculated a summary relative risk for all studies. The summary relative risk for the 23 studies that examined fat as a nutrient was 1.12 (95% CI 1.04-1.21). Cohort studies had a summary relative risk of 1.01 (95% CI 0.90-1.13) and case control studies a relative risk of 1.21 (95% CI 1.10-1.34). Summary estimates of risk for specific types of fat excluded unity for only saturated fat. For the 19 studies that examined food intake, the summary relative risks were 1.18 (95% CI 1.06-1.32) for meat, 1.17 (95% CI 1.04-1.31) for milk, and 1.17 (95% CI 1.02-1.36) for cheese. Summary relative risks for total fat intake were examined for several potential modifying factors. Regression analysis showed that European studies were more likely than studies done in other countries to show an increased relative risk associated with dietary fat and breast cancer, after taking into account potential modifying factors that included study design and quality.
Breast cancer is the commonest cause of death from cancer in women in most of the Western world, and the leading cause of death from all causes among women aged less than 50 (Boring et al., 1993) . Mortality from the disease has not changed appreciably over at least the period from 1950 to 1982 (Bailar & Smith, 1986) . There is however considerable evidence that breast cancer risk is influenced by environmental factors and is therefore in principle preventable.
This evidence comes from the wide variation in breast cancer incidence observed between countries, from changing rates of disease in migrants from low risk to high risk countries and from changing rates of disease in some low risk countries. These observations make it plain that international differences in the frequency of breast cancer are not due to inherited differences between populations but rather are due to some difference in the environment.
Differences in dietary practices could be the environmental factors responsible, and attention is directed to this possibility by two sources of information, the effect of dietary fat on mammary carcinogenesis in animals and by human ecological data.
In animals, dietary fat acts as a promoter of mammary carcinogenesis and appears to have a specific effect on tumorigenesis in addition to the effect of increased intake of calories (see Welsch, 1986; Rogers & Lee, 1986; Freedman et al., 1990 for 
reviews).
Human ecological studies show that breast cancer rates between countries are strongly correlated (r = 0.8-0.9) with international variation in estimated dietary fat intake, an effect that cannot be explained by differences in total calories or any other dietary constituent (Prentice et al., 1988) . These analyses have been criticised, chiefly on the ground that the 'food disappearance' data on which they are based is of poor quality. However, a comparison of estimates of percent calories from fat estimated from 'food disappearance' data with the results of individual dietary surveys within 62 countries has shown a strong correlation between the two measures (Sasaki & Kesteloot, 1992) . A recent ecological study conducted within China failed to find an association between dietary fat intake and breast cancer mortality .
Some of the differences in breast cancer incidence seen between countries may be attributable to differences in established risk factors for the disease, including later age at menarche, earlier age at menopause and lower body weight after the menopause all of which are generally more prevalent in countries at lower risk of breast cancer. However, all of these factors are under nutritional control and they therefore represent means by which nutrition may exert an influence on risk of disease (Hoel et al., 1983) .
Cohort and case control studies which have examined the relationship between dietary fat and breast cancer risk have however given inconsistent results. The purpose of the present study is to address this inconsistency by developing a quantitative summary of the existing literature and by examining the published data for possible sources of variation in the reported results.
We identified all published studies that examined the relationship of breast cancer risk to intake of dietary fat or of fat containing foods, and extracted from the assembled papers information on the dietary fat consumption in the groups compared in the studies, as well as the principal methodological features of each study, and summarised the results using the methods of meta-analysis.
Methods
Assembly of literature Case control and cohort studies for inclusion in the analysis were identified by performing a MEDLINE search of the literature on diet and breast cancer risk over the period January 1966 to February 1993. The cited references of publications obtained from the MEDLINE search were also reviewed for relevant articles. The criteria for inclusion were that the study contained a specific estimate of breast cancer risk associated with intake of fat or fat containing foods.
A total of 24 estimates for total fat intake were obtained from the 23 independent studies included in the meta-analysis (Ewertz & Gill, 1990; Graham et al., 1982; Graham et al., 1991; Hirohata et al., 1985; Hirohata et al., 1987; Ingram et al., 1991; Katsouyanni et al., 1988; Lee et al., 1991; Miller et al., 1978; Pryor et al., 1989; Richardson et al., 1991; Rohan et al., 1988; Shun-Zhang et al., 1990; Toniolo et al., 1989 ; Van't Veer et al., 1990; Zaridze et al., 1991; Canada. et al., 1992) . Twenty-one articles were identified that contained information regarding fat containing foods and breast cancer risk, seven of them also contained relative risk estimates associated with total fat intake. The three most common food groups described in these studies were determined (meat, milk, cheese) and used in the present meta-analysis. Two studies which did not contain food groups defined in this way were excluded from the analysis (Lubin et al., 1986; Katsouyanni et al., 1986) . Therefore, relative risk estimates pertaining to the intake of foods were obtained from a total of 19 papers (Ewertz & Gill, 1990; Hirohata et al., 1987; Hislop et al., 1986; Ingram et al., 1991; Kato et al., 1992; La Vecchia et al., 1987; Le et al., 1986; Lee et al., 1991; Lubin et al., 1981; Matos et al., 1991; Richardson et al., 1991; Talamini et al., 1984; Toniolo et al., 1989; Van't Veer et al., 1989; Hirayama, 1978; Kinlen, 1982; Mills et al., 1988; van den Brandt et al., 1993; Vatten et al., 1990) .
Extraction and classification of data Descriptive data regarding the number and type of subjects, method of dietary assessment and the partitioning of intakes for the calculation of relative risks, were extracted from each article along with an estimate of relative risk and its associated 95% confidence intervals.
In these studies, the intake of fat or fat containing foods was usually partitioned into tertiles, quartiles or quintiles. The relative risk of breast cancer extracted from these studies was that comparing the highest with the lowest category of intake. This method of examining the association between dietary fat intake and risk of breast cancer addresses only the question of whether a difference in risk exists between extreme categories of exposure and does not provide any information about the relationship between risk and intermediate categories of exposure. Relative risk and confidence intervals were calculated for one study (Graham et al., 1982) , and confidence intervals for two studies (Kinlen, 1982; Hirayama, 1978) , from given cell frequencies data using standard methods (Fleiss, 1981) .
If the risk of breast cancer associated with the dietary variables was expressed in more than one way, the estimate extracted from the study was the one that reflected the greatest degree of controlling for confounders (i.e. risk factor and/or energy). When both hospital and population controls were used for comparison separately, the results for population controls were chosen for the analysis. Because few studies provided complete data for pre and post menopausal women separate, we chose the relative risk for the whole group if available. In some reports, unadjusted relative risks were given, accompanied by an explicit statement that the estimate was unchanged by adjustment for energy or other risk factors. In these instances the relative risk given is regarded as having been adjusted.
In some instances, more than one estimate of risk from a single study were combined in order to increase the comparability of the studies. For example, in several studies of fat containing foods, separate estimates of risk for meat, poultry or pork consumption were reported, while in others the results were expressed as a single estimate for a total meat category. The separate estimates for types of meat were combined into a 'total meat' group by averaging the relative risks for the categories. Using the Cauchy-Schwarz inequality (Mood et al., 1974) , the variance was calculated for the average relative risk which was the maximum attainable variance for a mean of dependent measurements, since treating them as statistically independent would overestimate the precision of the average. Different types of milk reported separately were also combined in this manner. In one study, relative risk estimates were given for pre and post menopausal women separately (Pryor et al., 1989 ) and the two estimates were combined into one to represent all women by the method described above. Similarly, in the cohort study reported by Hirayama (1978) , relative risks given for meat intake in separate age categories were combined to produce one risk estimate for the population. thus two sources of variability that must be addressed, the usual sampling variation in the estimates, and variation in the underlying parameter. To account for both sources of variation in the meta-analysis, we have used the method of DerSimonian and Laird (1986) that employs a random effects model to take account of the variation in the true effects of the studies being combined. Thus we do not assume that the studies represent the same effect. Rather, the effects come from some statistical distribution of effects. Our summary relative risks are estimates of the mean of that distribution, that is, the average effect. The random effects model does not rely on homogeneity, on the contrary, it assume heterogeneity. Rather than rely on tests of homogeneity to establish the validity of the analysis, we assume heterogeneity and employ additional analyses to try to account for observed differences between studies. For example, design, execution, study population, and analysis differences must be examined in relation to risk.
Results
Characteristics of studies reporting nutrient analysis Twenty-three studies, containing 24 estimates of risk, examined the role of dietary fat in relation to breast cancer risk by an analysis of nutrient intake, 16 case control and seven cohort in design, and these contain a total of 9,838 cases of breast cancer and over 250,000 control or comparison subjects (Ewertz & Gill, 1990; Graham et al., 1982; Graham et al., 1991; Hirohata et al., 1985; Hirohata et al., 1987; Ingram et al., 1991; Katsouyanni et al., 1988; Lee et al., 1991; Miller et al., 1978; Pryor et al., 1989; Richardson et al., 1991; Rohan et al., 1988; Shun-Zhang et al., 1990; Toniolo et al., 1989 ; Van't Veer et al., 1990; Van'T Veer et al., 1991; Zaridze et al., 1991; Graham et al., 1992; The studies included in Table I differed in a number of ways in their execution and analysis. Sixteen studies have used as a comparison group or controls subjects selected from defined populations, five selected comparison subjects from hospitals or clinics, and two studies selected comparison subjects from both these sources. Thirteen studies obtained dietary data using food frequency questionnaires, nine with diet histories, and one with a 24 h diet recall. Food frequency questionnaires were sometimes administered by interview and sometimes self administered and it is clear from the accounts given in the publications that the questionnaires differed substantially in the number of food items included (data not shown in Table) .
All of the studies included in Table I analysed the relationship between breast cancer risk and nutrient intake by partitioning intake. Five studies partitioned by quintiles, 11 by quartiles, four by tertiles, and one at the media. One study used deciles of intake and one by specified increments in fat intake. Eleven studies met at least six of the methodological standards that were applied, seven met five, and five met four or fewer standards.
Estimates of risk for nutrient consumption Figure 1 shows the estimates of risk of breast cancer generated by these studies for intake of total fat, and when available, for saturated, monounsaturated and polyunsaturated fat. We also indicate risk estimates that have been adjusted for energy intake and for other risk factors for breast cancer. For total fat, the summary relative risk for all 24 estimates was 1.12 (95% CI 1.04-1.21). Cohort studies had a summary relative risk of 1.01 (95% CI 0.90-1.13) and Gill, 1990; Hirohata et al., 1987; Hislop et al., 1986; Ingram et al., 1991; Kato et al., 1992; La Vecchia et al., 1987; Le et al., 1986; Lee et al., 1991; Lubin et al., 1981; Matos et al., 1991; Richardson et al., 1991; Talamini et al., 1984; Toniolo et al., 1989 ; Van't Veer et al., 1989; Hirayama, 1984; Kinlen, 1982; Mills et America, two in Japan, and one each in Argentina, Australia and Singapore.
Thirteen studies used as a comparison group or controls subjects selected from defined populations, and six selected comparison subjects from hospitals. All but 'five studies obtained dietary data using food frequency questionnaire, and one used unspecified methods.
All of the studies included in Table II analysed the relationship between breast cancer risk and food intake by partitioning intake. Differences in methods of partitioning existed not only between studies but also within studies in analysing intake of different foods. Three studies met at least six of the methodological standards that were applied, two met five, and 14 met four or fewer standards.
Estimates of risk for food consumption Figure 2 shows graphically the distribution of the estimates of risk of breast cancer and the 95% confidence intervals generated by these studies for intake of meat, milk and cheese, the types of food for which data were available from the largest number of studies. The summary relative risks for meat intake were 1.18 (95% CI 1.06-1.32) for all studies, (1) Heterogeneity between studies Variation in methodology The principal sources of variation in study methodology examined were the extent to which studies met the methodological standards described above and the source from which control or comparison groups were selected.
(i) Methodological standards. Summary relative risks were calculated for studies classified according to the proportion of methodological standards met (see Methods section). The summary relative risk for the relationship of total fat intake to breast cancer risk, for all 11 studies that met 90% or more standards, was 1.15 (95% CI 1.05-1.27). For the eight studies that met between 70 and 80% of standards, the summary relative risk was 1.06 (95% CI 0.86-1.31), and for the five studies that met 60% or less of the standards the relative risk was 1.07 (95% CI 0.92-1.24).
(ii) Source of controls. The summary relative risk for total fat and breast cancer risk was 1.13 (95% CI 1.03-1.23) for the 17 studies in Figure 1 that selected control or comparison groups from defined non-hospital populations. The ten case control studies in this group had a summary relative risk of 1.33 (95% CI 1.16-1.52). The five case control studies that selected controls from hospital populations had a summary relative risk of 0.99 (95% CI 0.83-1.18). Partitioning of nutrient intake The summary relative risk for studies that partitioned nutrient intake in quintiles or quartiles was 1.10 (95% CI 1.01-1.20) for all studies and 1.25 (95% CI 1.10-1.42) for case control studies and for studies that used tertiles 1.03 (95% CI 0.84-1.26) for all studies and 1.01 (95% CI 0.82-1.24) for case control studies. Geographical variation To examine the possible influence of the country in which the studies were carried out, they were divided into three geographical categories: Europe (eight studies), North America (ten studies and 11 estimates of risk) and other (five studies). The summary relative risk for European studies was 1.45 (95% CI 1.26-1.67); for North American studies 1.00 (95% CI 0.90-1.11) and for other areas 1.01 (95% CI 0.85-1.20). Regression analysis To examine the independent contribution of the factors considered above regression analysis was carried out, in which the log of the relative risk for total fat intake in each study, weighted by the reciprocal of its variance, was the dependent variable, and study quality score, energy adjustment, geographical area and study design the independent variables. The result of this analysis showed that geographical area was independently associated with relative risk after taking into account all the other variables. European studies were associated with significantly higher estimates of relative risk than studies performed elsewhere, a difference that persisted when study type (cohort or case control) and quality score were included in the model. There was no evidence of an interaction between quality score and the geographical area in which studies were carried out. As the data in Table II show, European studies included about as many cases as studies from North America, although fewer were of cohort design, and studies done in these two regions were of similar quality.
(2) Hypothetical unpublished results Relative risk estimates were selected randomly with replacement from the pool of 17 null results (case control and cohort) for total fat intake already included in the metaanalysis. These risk estimates were added progressively to the 24 case control and cohort risk estimates included in the actual meta-analysis. One hundred of these simulations indicated that a mean of 17 of these null studies needed to be added to the meta-analysis before the summary relative risk became non significant. When case control studies alone were considered in this analysis, 29 randomly selected null risk estimates had to be added to the meta-analysis of 17 case control studies before the summary risk estimate became non significant.
Discussion
This quantitative summary of the published literature on the risk of breast cancer associated with dietary fat intake suggests that higher intake of dietary fat is associated with an increased risk of breast cancer. The summary relative risk for all studies that examined nutrient intake is however calculated from the results of cohort and case control studies and the results of these different designs for epidemiological investigation give discrepant results. (Willett et al., 1985) . The correlation observed between the two measures was 0.53 and this was apparently judged to be satisfactory, although in other contexts this degree of agreement would be judged at best moderate (Nunnally, 1970) . This degree of correlation 'explains' only 25% of the variance in fat intake as described in the food records.
The need to adjust for energy intake is clearly indicated by the results of animal experiments which appear to show effects of both calories and fat intake on mammary tumorigenesis. Further, the results of human studies may be strongly influenced by energy adjustment (see for example Knekt et al., 1990) . There is, however, no generally agreed method for performing energy adjustment in the analysis of data relating intake of fat to risk of breast cancer. The study of Kushi et al. (1992) illustrates the importance of the choice of method. In using four different methods of energy adjustment applied to the same data Kushi and Three studies measuring total fat intake in breast cancer cases and controls could not be included in the meta-analysis as only mean comparisons of fat intake were reported. In the two case control studies the total fat intake of breast cancer cases was significantly greater than that of the controls (Iscovich et al., 1989; Sarin et al., 1985) . The remaining study, a nested case control (Nomura et al., 1978) , did not find a significant difference between estimated fat intakes of cases and controls, however, the fat intake estimate used was actually the intake of the husbands of the female breast cancer patients under the assumption that dietary patterns between husbands and wives would be similar. Two studies relating to the intake of foods could not be included in this meta-analysis. Lubin et al. (1986) studied the risk of breast cancer associated with consumption of fat containing foods and reported that, in women over the age 50 years, the relative risk comparing the highest and the lowest quartile of intake of fat containing foods was significantly greater than one. However, Iscovich et al. (1989) did not find a significantly increased risk of breast cancer associated with meat or cheese intake, and for whole milk consumption the relative risk was significantly less than one. The inclusion of the results of these excluded studies in the meta-analysis would not have weakened the conclusion that the summary of the available evidence indicates that dietary fat intake and breast cancer risk are related.
One of the most important of the biases in the context of the present study is bias in recall, which may cause cases with breast cancer to recall food intake in greater detail or quantity than do healthy controls, creating spurious associations between food intake and disease. Cohort studies, in which information aBout food intake is collected before the onset of disease, are not susceptible to this form of bias. No evidence for the existence of this bias was reported in one recently reported study in which both cohort and case control designs were applied to the same population, although odds ratios did show non-significant differences in the direction predicted by recall bias. Giovannucci et al. carried out a case control study in the cohort of the Nurses, Health Study and found a non-significant increase, from 0.87 to 1.43, in odds ratios for the association of dietary fat and breast cancer risk (Giovannucci et al., 1991) .
In the present study we examined the association of breast cancer risk with specific types of fat and found associations with saturated and monounsaturated fat but not with polyunsaturated fat. For this result to be explained by recall bias it would be necessary to postulate a bias in recall that affects some but not all types of fat.
The findings of this analysis agree with data from animal studies and ecological analysis about the effects of total fat and saturated fat on breast cancer risk. The effects of monounsaturated fats on mammary tumorigenesis have been inconsistent (Welsch, 1992; Pritchard et al., 1989; Cohen et al., 1986) , while polyunsaturates of the omega-6 family in general do promote tumorigenesis (Welsch, 1986) . Prentice et al. (1988) Because of differences in methods of partitioning fat intake, as well as differences in the methods of dietary assessment and probable differences in measurement error, we have not attempted to compare the risks observed with those that would be predicted from international variation in fat consumption. The observed summary relative risk from case control studies is however very similar to that predicted from the range of fat intake in the Nurses' Health Study and the measurement error known to be associated with the food frequency questionnaire used in that study (Prentice et al., 1989; Goodwin & Boyd, 1987) . The Nurses' Health Study population (Willett et al., 1987) , which was confined to a single occupational group, may be more homogeneous in fat consumption than the general population.
Meta-analysis has to date been applied mainly to the results of randomised trials of therapy. Although examples exist of meta-analysis directed at risk factors for disease there is no general agreement on whether this is an appropriate use of the method. Unanswered questions concern whether studies with heterogeneous results should be combined, how differences in study quality should be taken account of, whether studies with hospital based control groups should be combined with those that have population based controls, and whether studies carried out in different countries should be combined (Fleiss & Gross, 1991; Spitzer, 1991) . We have addressed several of these issues in this analysis, including the extent to which studies met generally agreed principles of design and analysis for epidemiological research, particularly adjustment for energy intake and risk factors for breast cancer, and the source from which control populations were drawn, as well as the countries in which studies were done. We have also considered the possible influence of hypothetical unpublished studies. None of these considerations weakened the conclusion that fat intake is associated with breast cancer risk, and several strengthened it. Of particular interest is the finding of differences in the results of studies done in Europe and North America which may be due to greater variation in dietary fat intake in Europe, although as dietary measurement instruments differ between studies, the evidence on this point cannot at present be conclusive. We have not however been able to examine the influence of menopausal status on the risk associated with dietary fat because few of the papers examined gave separate estimates of risk for pre and postmenopausal women.
Experimental evidence, derived from controlled clinical trials in which the range of fat intake is increased beyond that seen in most Western populations, would provide the strongest evidence available concerning the relationship of dietary fat intake to breast cancer risk. Further, such trials are the only means likely to answer the question of whether breast cancer risk in high risk subjects can be modified by changing dietary fat intake. The feasibility of an experimental approach to this problem, including the identification of subjects at increased risk for breast cancer, and the demon-stration that such subjects will enter a clinical trial of dietary fat reduction and comply with a lower fat diet has been described (Boyd et al., 1990 
